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(54) Programmable gearing control of a leadscrew for a printhead having a variable number of 
channels 



(57) A method and apparatus are disclosed for 
scanning a receiving medium (32) in an image process- 
ing apparatus (10) that allows a variable number of 
imaging channels, and printhead motion is provided by 
a lead screw (250) that is driven by a stepper motor 
(162). In one embodiment, the receiving medium can be 
mounted on a rotatable imaging drum (300). In order to 
advance a printhead (500) at the proper speed for a var- 
iable number of channels and to adapt the stepper 
motor for possible variations in drum rotation speed, 



encoder pulses from the imaging drum are divided by a 
programmed value to provide input pulses to a stepper 
motor controller circuitry at the proper rate. Pulses are 
counted so as to disable this input to the stepper motor 
controller after a pre-programmed maximum value is 
reached. Both the divisor value and the pulse counter 
value are variable, depending on the number of chan- 
nels used. 
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Description 

RELD OF THE INVENTION 

[0001] The present invention relates to a subsystem 
of an image processing apparatus of a lathe bed scan- 
ning type having a printhead mounted on a translation 
stage that is moved by a lead screw. More specifically, 
the present invention relates to an apparatus and 
method for programmable speed control of a stepper 
motor that drives the lead screw. 

FACKGROUND OF THE INVENTION 

[0002] Pre-press color proofing is a procedure that is 
used by the printing industry for creating representative 
imarjes of printed material, without the high cost and 
time that is required to actually produce printing plates 
and set up a high-speed, high-volume, printing press to 
produce a single example of an intended image. These 
intended images may require several corrections and 
may need to be reproduced several times to satisfy the 
requirements of the customers, resulting in a large loss 
of profits. By utilizing pre-press color proofing time and 
money can be saved. 

[0003] One such commercially available image 
processing apparatus, which is depicted in commonly 
assigned U.S. Patent No. 5.268,708 is an image 
processing apparatus having half-tone color proofing 
capabilities. This image processing apparatus is 
arranged to form an intended image on a sheet of ther- 
mal print media by transferring dye from a sheet of dye 
donor material to the thermal print media by applying a 
sufficient amount of thermal energy to the dye donor 
material to form an intended image. This image 
processing apparatus is comprised generally of a mate- 
rial supply assembly or carousel, a lathe bed scanning 
subsystem (which includes a lathe bed scanning frame, 
a translation drive, a translation stage member, a print- 
head, and an imaging drum), and thermal print media 
and dye donor material exit transports. 
[0004] The scanning subsystem or write engine of the 
lathe bed scanning type comprises a mechanism that 
provides the mechanical actuators, for imaging drum 
positioning and motion control, to facilitate placement, 
loading onto, and removal of thermal print media and 
dye donor material from the imaging drum. The scan- 
ning subsystem or write engine provides the scanning 
function by retaining the thermal print media and dye 
donor material on the rotating imaging drum, which gen- 
erates a once per revolution timing signal to data path 
electronics as a dock signal, while the translation drive 
traverses the translation stage member and printhead 
axially along the imaging drum in a coordinated motion 
with the imaging drum rotating past the printhead. This 
is done with positional accuracy maintained, to allow 
precise control of the placement of each pixel, in order 
to produce the intended image on the thermal print 



media. 

[0005] The lathe bed scanning frame provides the 
structure to support the imaging drum and its rotational 
drive. The translation drive with the translation stage 

5 member and printhead are supported by two translation 
bearing rods that are substantially straight along their 
longitudinal axis and are positioned parallel to the vac- 
uum imaging drum and a lead screw. Consequently, 
they are parallel to each other therein forming a plane, 

w along with the imaging drum and lead screw. The trans- 
lation bearing rods are, in turn, supported by outside 
walls of the lathe bed scanning frame of the lathe bed 
scanning subsystem or write engine. The translation 
bearing rods are positioned and aligned therebetween, 

is for permitting low friction movement of the translation 
stage member and the translation drive. The translation 
bearing rods are sufficiently rigid for this application, so 
as not to sag or distort between the mounting points at 
their ends. They are arranged to be as exactly parallel 

20 as is possible with the axis of the imaging drum. The 
front translation bearing rod is arranged to locate the 
axis of the printhead precisely on the axis of the imaging 
drum, with the axis of the printhead located perpendicu- 
lar, vertical, and horizontal to the axis of the imaging 

25 drum. The translation stage member front bearing is 
arranged to form an inverted "V and provides only that 
constraint to the translation stage member. The transla- 
tion stage member with the printhead mounted on the 
translation stage member, is held in place by only its 

30 own weight. The rear translation bearing rod locates the 
translation stage member with respect to rotation of the 
translation stage member about the axis of the front 
translation bearing rod. This is done so as to provide no 
over constraint of the translation stage member which 

35 might cause it to bind, chatter, or otherwise impart 
undesirable vibration or jitters to the translation drive or 
printhead during the writing process causing unaccept- 
able artifacts in the intended image. This is accom- 
plished by the rear bearing which engages the rear 

40 translation bearing rod only on a diametrically opposite 
side of the translation bearing rod on a line perpendicu- 
lar to a line connecting the centerlines of the front and 
rear translation bearing rods. 

[0006] The translation drive is for permitting relative 
45 movement of the printhead by synchronizing the motion 
of the printhead and stage assembly such that the 
required movement is made smoothly and evenly 
throughout each rotation of the drum. A clock signal 
generated by a drum encoder provides the necessary 
so reference signal accurately indicating the position of the 
drum. This coordinated motion results in the printhead 
tracing out a helical pattern around the periphery of the 
drum. The above mentioned motion is accomplished by 
means of a DC servo motor and encoder which rotates 
55 a lead screw that is typically, aligned parallel with the 
axis of the imaging drum. The printhead is placed on the 
translation stage member in a "V shaped groove, which 
is formed in the translation stage member, which is in 
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precise positional relationship to the bearings for the 
front translation stage member supported by the front 
and rear translation bearing rods. The translation bear- 
ing rods are positioned parallel to the imaging drum, so 
that it automatically adopts the preferred orientation 5 
with respect to the surface of the imaging drum. The 
printhead is selectively locatable with respect to the 
translation stage member, thus it is positioned with 
respect to the imaging drum surface. By adjusting the 
distance between the printhead and the drum surface, 10 
as well as the angular position of the printhead about its 
axis using adjustment screws, an accurate means of 
adjustment for the printhead is provided. Extension 
springs provide the load against these two adjustment 
means. r5 
[0007] The translation stage member and printhead 
are attached to a rotatable lead screw (having a 
threaded shaft) by a drive nut and coupling. The cou- 
pling is arranged to accommodate misalignment of the 
drive nut and lead screw so that only rotational forces 20 
and forces parallel to the lead screw are imparted to the 
translation stage member by the lead screw and drive 
nut. The lead screw rests between two sides of the lathe 
bed scanning frame of the lathe bed scanning subsys- 
tem or write engine, where it is supported by deep 25 
groove radial bearings. At the drive end the lead screw 
continues through the deep groove radial bearing, 
through a pair of spring retainers, that are separated 
and loaded by a compression spring to provide axial 
loading, and to a DC servo drive motor and encoder. 30 
The DC servo drive motor induces rotation to the lead 
screw moving the translation stage member and print- 
head along the threaded shaft as the lead screw is 
rotated. The lateral directional movement of the print- 
head is controlled by switching the direction of rotation 35 
of the DC servo drive motor and thus the lead screw. 
[0008] The printhead includes a plurality of laser 
diodes which are coupled to the print- head by fiber 
optic cables which can be individually modulated to sup- 
ply energy to selected areas of the thermal print media 40 
in accordance with an information signal. The printhead 
of the image processing apparatus includes a plurality 
of optical fibers coupled to the laser diodes at one end 
and the other end to a fiber optic array within the print- 
head. The printhead is movable relative to the longitudi- 45 
nal axis of the imaging drum. The dye is transferred to 
the thermal print media as the radiation, transferred 
from the laser diodes by the optical fibers to the print- 
head and thus to the dye donor material is converted to 
thermal energy in the dye donor material. 50 
[0009] The design of scanning subsystems for image 
processing apparatuses presents strict constraints. 
Chief among these are the following: 

There is a requirement for precision timing so that 55 
the imaged dots are written in the intended location 
on the receiving medium, with acceptable error tol- 
erances typically on the order of a few microns; 



One must compensate for some irregularity in 
imaging drum rotational speed, so that the transla- 
tion drive may need to be dynamically speeded or 
slowed to provide the required printhead position; 
and 

One must be able to adapt to writing using a varia- 
ble number of channels. As noted in US Patent No. 
5,329,297, there can be specific halftone screen 
patterns that cause inherent problems when 
imaged with specific number of channels (swath 
width) due to "beat frequency" problems. 

[0010] Conventional solutions to the above-listed 
design constraints are known to be relatively expensive 
and inflexible. The use of a servo motor mechanism, as 
described above for the device disclosed in US Patent 
No. 5,268,708, is workable, but is expensive since a 
servo system requires a precision feedback loop. To 
adapt to imaging using a variable number of channels, a 
printer controller subsystem is used to adjust both the 
imaging drum speed and corresponding servo motor 
speed for the translation subsystem, as is disclosed in 
US Patent No. 5,329,297. 

[001 1 ] A less expensive alternative to the servo sub- 
system described above is to use a stepper motor for 
the translation system. This approach is less expensive 
and allows the translation subsystem to be operated 
"open-loop" (that is, without requiring feedback compo- 
nents for motor timing). However, the stepper motor 
must be controlled so that it repeatably provides the 
precise speed needed to write the image using a varia- 
ble number of channels. The stepper motor must also 
be controlled with precise timing, so that printhead 
travel speed adjusts for small changes in imaging drum 
speed and thus maintains positional accuracy. 

SUMMARY OF THE INVENTION 

[001 2] The present invention is directed to overcoming 
the problems and drawbacks described above. 
[0013] It is an object of the present invention to pro- 
grammably adjust a rotational speed of a stepper motor, 
and hence, a linear speed of the printhead translation 
assembly, so that a translation subsystem allows the 
printhead to write using a variable number of channels. 
[0014] It is a further object of the present invention to 
control printhead traversal speed in a manner that is 
dynamic, responding to changes or "flutter" in drum 
speed. 

[001 5] An advantage of the present invention is that it 
allows the printhead to write using an integral number of 
channels that is variable, so that a single mechanical 
design supports imaging at an optimal number of chan- 
nels for the characteristics of the final output. Moreover, 
the number of channels can be different for each pass 
or color separation produced by the imaging apparatus. 
[001 6] A further advantage of the present invention is 
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that it allows the rotation of the imaging drum to be at a 
nominally constant speed, so that the stepper motor 
that drives the translation stage varies its speed based 
on number of channels used. 

[001 7] A further advantage of the present invention is s 
that it provides cost savings over existing methods for 
printhead speed control, since it eliminates the need for 
costly circuitry that adapts imaging drum speed to the 
speed of the printhead translation assembly. 
[0018] In accordance with one aspect of the invention, 10 
there is provided a method for programmably controlling 
a rotation of a stepper motor that drives a printhead 
translation subsystem in an image processing appara- * 
tus, in such a way that allows a variable number of chan- 
nels to be written at the same time in a swath. Pulses 75 
from an encoder on the imaging drum are frequency- 
divided to provide a pulse chain to stepper motor con- 
troller circuitry, with the predetermined divider value var- 
ying based on number of channels. A pulse counter is 
set to allow a variable number of pulses to the stepper 20 
motor controller, also based on number channels. A sig- 
nal from the pulse counter disables the pulse chain to 
the stepper motor controller so as to stop lead screw 
rotation at the end of a swath. An encoder index pulse 
resets the pulse counter and allows the next swath to 25 
begin 

[001 9J The presem invention relates to an apparatus 
for atSjus&rtg a traverse speed of a printhead in an imag- 
ing processing apparatus that comprises a rotating 
imaging &um Ktoch rtoids a receiver medium. The 30 
apparatus comprises a stepper adapted to drive the 
printhead. a steppe* motor controller which drives the 
steppe* motor based on input logic signals that indicate 
rotation of th« tmagtng drum; an encoder which senses 
rotational mofccji off the imaging drum, with the encoder 35 
providing a rcjgh-resolution feedback signal comprising 
digital pulses tor small increments of rotation of the 
imaging drum and providing an index pulse that syn- 
chronizes eacft writing swath on the imaging drum; a 
programmable drvide-by-n frequency counter that pro- 40 
vides an output pulse for every n encoder pulses 
sensed, wherein the value of n is predetermined based 
on the number of writing channels used; and a program- 
mable pulse counter that is loaded with a preset value, 
and varied based on the number of circuitry channels, 45 
with the pulse counter providing a disabling signal when 
the preset value is reached 

[0020] The present invention also relates to a method 
for adjusting a traversal speed of a printhead in an 
image processing apparatus that uses a rotating imag- so 
ing drum which holds a receiver medium and a stepper 
motor for providing printhead motion. The printhead is 
adapted to image using a variable number of channels 
that write generally simultaneously as a swath. The 
method comprises the steps of calculating a rotational ss 
speed of the imaging drum by sensing encoder pulses 
from an encoder operationally associated with the imag- 
ing drum; dividing the encoder pulses using a variable 



integral divisor that has a programmed value which is 
predetermined based on the number of channels used; 
gating output pulses that result from the division up to a 
programmed maximum value, wherein the maximum 
value is determined by the number of writing channels, 
so as to disable the stepper motor controller when said 
programmed maximum value is reached; and resetting 
said count of output pulses at a beginning of each imag- 
ing swath to re-enable the stepper motor controller. 
[0021 J The present invention also relates to an appa- 
ratus for controlling a speed of a printhead in an imaging 
processing apparatus. The apparatus comprises a step- 
per motor for driving the printhead along a surface of a 
rotatable imaging drum; an encoder which senses rota- 
tional motion of the imaging drum, with the encoder pro- 
viding a feedback signal comprising digital pulses for 
increments of rotation of the imaging drum; and a pro- 
grammable pulse counter that is loaded with a preset 
value, with the pulse counter providing a disabling sig- 
nal when the preset value is reached. 
[0022] The present invention further relates to an 
imaging apparatus which comprises a print head; a 
stepper motor for driving the printhead along a surface 
of a rotatable imaging drum of the imaging apparatus; 
an encoder which senses a rotational motion of the 
imaging drum, with the encoder providing a feedback 
signal comprising digital encoder pulses for increments 
of rotation of the imaging drum; and a programmable 
pulse counter that is loaded with a preset value, with the 
pulse counter providing a disabling signal when the pre- 
set value is reached. 

[0023] Although not described in detail, it would be 
obvious to someone skilled in the art that this invention 
could be used with thermal, laser, inkjet, and other 
imaging technologies. This invention could be embod- 
ied in a number of image markings as well as image 
sensing scanning applications. 

BROEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Figure 1 is a side view in vertical cross section of an 
image processing apparatus of the present inven- 
tion; 

Figure 2 is a perspective view of the lathe bed scan- 
ning subsystem or write engine of the present 
invention; 

Figure 3 is a top view in horizontal cross section, 
partially in phantom, of the lead screw and transla- 
tion subsystem of the present invention; 
Figure 4 shows the generally helical pattern of 
swaths as printed onto the drum-mounted receiver 
medium by the printhead; and 
Rgure 5 is a block diagram that shows the circuit 
logic used for programmable gearing as disclosed 
in this invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0025] Referring now to the drawings, wherein like ref- 
erence numerals represent identical or corresponding 
parts throughout the several views, Fig. 1 illustrates an s 
image processing apparatus 10 according to the 
present invention. Image processing apparatus 10 
includes an image processor housing 12 which provides 
a protective cover. A movable, hinged image processor 
door 1 4 is attached to a front portion of image processor w 
housing 12 permitting access to two sheet material 
trays, a lower sheet material tray 50a and an upper 
sheet material tray 50b, that are positioned in an interior 
portion of image processor housing 12 for supporting 
thermal print media 32, thereon. Only one of sheet is 
material trays 50a, 50b will dispense thermal print 
media 32 out of its sheet material tray to create an 
intended image thereon; the alternate sheet material 
tray 50a, 50b either holds an alternative type of thermal 
print media 32 or functions as a back up sheet material 20 
tray. In this regard, lower sheet material tray 50a 
includes a lower media lift cam 52a for lifting lower sheet 
material tray 50a and ultimately thermal print media 32, 
upwardly toward a rotatable, lower media roller 54a and 
toward a second rotatable, upper media roller 54b 25 
which, when both are rotated, permits thermal print 
media 32 in lower sheet material tray 50a to be pulled 
upwardly towards a movable media guide 56. Upper 
sheet material tray 50b includes an upper media lift cam 
52b for lifting upper sheet material tray 50b and urti- 30 
mately thermal print media 32 towards upper media 
roller 54b which directs it towards movable media guide 
55. 

[C026] Movable media guide 56 directs thermal print 
media 32 under a pair of media guide rollers 58 which 35 
engage thermal print media 32 for assisting upper 
media roller 54b in directing it onto a media staging tray 
60 Media guide 56 is attached and hinged to a lathe 
bed scanning frame 202 at one end, and is uninhibited 
at its other end for permitting multiple positioning of 40 
media guide 56. Media guide 56 then rotates its uninhib- 
ited end downwardly, as illustrated in the position shown 
in Figure 1 , and the direction of rotation of upper media 
roller 54b is reversed fa moving thermal print media 32 
resting on media staging tray 60 under the pair of media 45 
guide rollers 58. upwardly through entrance passage- 
way 204 and around a rotatable vacuum imaging drum 
300. 

[0027] A roll 30 of dye donor roll material 34 is con- 
nected to media carousel 100 in a lower portion of so 
image processor housing 12. Four rolls of roll media 30 
are used, but only one is shown for clarity. Each roll 30 
includes a dye donor roll material 34 of a different color, 
typically black, yellow, magenta and cyan. These dye 
donor roll materials 34 are ultimately cut into dye donor 55 
sheet materials 36 and passed to vacuum imaging drum 
300 for forming the medium from which dyes imbedded 
therein are passed to thermal print media 32 resting 



thereon, which process is described in detail herein 
below. In this regard, a media drive mechanism 110 is 
attached to each roll 30 of dye donor roll material 34, 
and includes three media drive rollers 112 through 
which dye donor roll material 34 of interest is metered 
upwardly into media knife assembly 120. After dye 
donor roll material 34 reaches a predetermined posi- 
tion, media drive rollers 112 cease driving dye donor roll 
material 34 and the two media knife blades 122 posi- 
tioned at a bottom portion of media knife assembly 120 
cut dye donor roll material 34 into dye donor sheet 
materials 36. Lower media roller 54a and upper media 
roller 54b along with media guide 56 then pass dye 
donor sheet material 36 onto media staging tray 60 and 
ultimately to vacuum imaging drum 300 and in registra- 
tion with thermal print media 32 using the same process 
as described above for passing thermal print media 32 
onto vacuum imaging drum 300. Dye donor sheet mate- 
rial 36 now rests atop thermal print media 32 with a nar- 
row space or gap between the two created by 
microbeads imbedded in the surface of thermal print 
media 32. 

[0028] A laser assembly 400 includes a quantity of 
laser diodes 402 in its interior. Lasers 402 are con- 
nected via fiber optic cables 404 to a distribution block 
406 and ultimately to a printhead 500. Printhead 500 
directs thermal energy received from laser diodes 402 
causing dye donor sheet material 36 to pass the desired 
color across the gap to thermal print media 32. Print- 
head 500 is attached to a lead screw 250 (shown in Fig- 
ure 2) via lead screw drive nut 254 and a drive coupling 
(not shown) for permitting movement axially along the 
longitudinal axis of vacuum imaging drum 300. This per- 
mits a transferring of data to create the intended image 
onto thermal print media 32. A liner drive motor 258 can 
be used to drive lead screw 250, while end cap 268 is 
mounted at the end of lead screw 250. 
[0029] For writing , vacuum imaging drum 300 rotates 
at a constant velocity, and printhead 500 begins at one 
end of thermal print media 32 and traverses the entire 
length of thermal print media 32 for completing the 
transfer process for the particular dye donor sheet 
material 36 resting on thermal print media 32. After 
printhead 500 has completed the transfer process, for 
the particular dye donor sheet material 36 resting on 
thermal print media 32, dye donor sheet material 36 is 
removed from vacuum imaging drum 300 and trans- 
ferred out of image processor housing 12 via a skive or 
ejection chute 16. Dye donor sheet material 36 eventu- 
ally comes to rest in a waste bin 18 for removal by the 
user. The above described process is then repeated for 
the other three rolls 30 of dye donor roll materials 34. 
[0030] After the color from all four sheets of dye donor 
materials 36 have been transferred and dye donor 
materials 36 have been removed from vacuum imaging 
drum 300, thermal print media 32 is removed from vac- 
uum imaging drum 300 and transported via transport 
mechanism 80 to a dye binding assembly 180. Entrance 
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door 182 of dye binding assembly 1 80 is opened for per- 
mitting thermal print media 32 to enter the binding 
assembly 180, and shuts once thermal print media 32 
comes to rest in dye binding assembly 180. Dye binding 
assembly 180 processes thermal print media 32 for fur- 
ther binding the transferred colors on thermal print 
media 32 and lor sealing the microbeads thereon. After 
the color binding process has been completed, media 
exit door 184 is opened and thermal print media 32 with 
the intended image thereon passes out of dye binding 
assembly 180 and image processor housing 12 and 
comes to rest against a media stop 20. 
[0031] Referring to Fig. 2, there is illustrated a per- 
spective view of a lathe bed scanning subsystem 200 of 
image processing apparatus 10, including vacuum 
imaging drum 300, printhead 500 and lead screw 250 
assembled in lathe bed scanning frame 202. Vacuum 
imaging drum 300 is mounted for rotation about an axis 
301 in lathe bed scanning frame 202. Printhead 500 is 
movable with respect to vacuum imaging drum 300, and 
is arranged to direct a beam of light to dye donor sheet 
material 36. The beam of light from printhead 500 for 
each laser diode 402 (not shown in Fig. 2) is modulated 
individually by modulated electronic signals from image 
processing apparatus 10, which are representative of 
the shape and color of the original image; so that the 
color on dye donor sheet material 36 is heated to cause 
volatilization only in those areas in which its presence is 
required on thermal print media 32 to reconstruct the 
shape and color of the original image. 
[0032] Printhead 500 is mounted on a movable trans- 
lation stage member 220 which, in turn, is supported for 
low friction slidable movement on translation bearing 
rods 208 and 208 (rear and front). Translation bearing 
rods 206 and 208 are sufficiently rigid so as not to sag 
or distort as is possible between their mounting points 
and are arranged as parallel as possible with axis 301 of 
vacuum imaging drum 300. An axis of printhead 500 is 
perpendicular to axis 301 of vacuum imaging drum 300. 
Front translation bearing rod 208 locates translation 
stage member 220 in vertical and horizontal directions 
with respect to axis 301 of vacuum imaging drum 300. 
Rear translation bearing rod 206 locates translation 
stage member 220 only with respect to rotation of trans- 
lation stage member 220 about front translation bearing 
rod 208, so that there is no over-constraint condition of 
translation stage member 220 which might cause it to 
bind, chatter, or otherwise impart undesirable vibration 
or jitters to printhead 500 during the generation of an 
intended image. 

[0033] Referring to FIGS. 2 and 3, lead screw 250 is 
shown which includes elongated, threaded shaft 252 
which is attached to linear drive motor 258 on its drive 
end and to lathe bed scanning frame 202 by means of a 
radial bearing 272. Lead screw drive nut 254 includes 
grooves in its hollowed-out center portion 270 for mating 
with the threads of threaded shaft 252 for permitting 
lead screw drive nut 254 to move axially along threaded 



shaft 252 as threaded shaft 252 is rotated by linear drive 
motor 258. Lead screw drive nut 254 is integrally 
attached to printhead 500 ihrough a iead screw cou- 
pling and translation stage member 220 at its periphery, 

5 so that as threaded shaft 252 is rotated by linear drive 
motor 258, lead screw drive nut 254 moves axially along 
the threaded shaft 252, which in turn moves the transla- 
tion stage member 220 and ultimately the printhead 500 
axially along vacuum imaging drum 300. 

10 [0034] Lead screw 250 operates as follows. Linear 
drive motor 258 is energized and imparts rotation to 
lead screw 250, as indicated by the arrow H000 in Fig- 
ure. 1, causing lead screw drive nut 254 to move axially 
along threaded shaft 252. Annular-shaped axial load 

15 magnets 260a and 260b are magnetically attracted to 
each other which prevents axial movement of lead 
screw 250. Ball bearing 264, however, permits rotation 
of lead screw 250 while maintaining the positional rela- 
tionship of annular-shaped axial load magnets 260a, 

20 260b, i.e., slightly spaced apart, which prevents 
mechanical friction between them while obviously per- 
mitting threaded shaft 252 to rotate. 
[0035] Printhead 500 travels in a path along vacuum 
imaging drum 300, while being moved at a speed syn- 

25 chronous with a rotation of vacuum imaging drum 300 
rotation and proportional to the width of a writing swath 
450, shown in Figure 4. The pattern that printhead 500 
transfers to thermal print media 32 along vacuum imag- 
ing drum 300, is a helix. FIG. 4 illustrates the principle 

30 for generating writing swaths 450 in this helical pattern. 
(This figure is not to scale; the writing swath 450 itself is 
typically 250-300 microns wide.) Reference numeral 
456 in FIG. 4 represents a position of printhead 500 at 
the beginning of the helix, while reference numeral 458 

35 represents a position of printhead 500 at the end of the 
helix. 

[0036] As is disclosed in US Patent 5,329,297 the 
capability to image with a variable swath width (that is, 
using a different number of channels) is particularly 

40 advantageous when generating halftone proofs, since it 
allows the image processing apparatus to use swath 
widths that do not cause visible frequency "beats" in the 
generated image. For any number of channels used, 
printhead traversal speed changes correspondingly. 

45 This requires that the control subsystem for printhead 
movement be able to adjust printhead speed based on 
number of channels. Additionally, the control subsystem 
for printhead movement must also be capable of adjust- 
ing dynamically to slight rotational speed changes (or 

so •flutter") in vacuum imaging drum 300 rotation. 

[0037] The control circuitry shown in the block dia- 
gram of FIG. 5 shows how the present invention adjusts 
printhead 500 traversal speed programmably (based on 
the number of channels) and dynamically (responding 

55 to changes in vacuum imaging drum rotational speed). 
To drive lead screw 250, the present invention uses a 
stepper motor 162 (FIG. 5) that is driven in microstep- 
ping mode. 
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[0038] A concurrent application entitled "Method for 
Compensating for Positional Error Inherent to Stepper 
Motors Running in Microstepping Mode", Attorney 
Docket No. 78183 discloses how the microstepping 
mode is used with wave shaping to reduce stepper 5 
motor positional error. A second related application, 
entitled "Method of Controlling a Printhead Movement 
based on a Lead Screw Pitch to Minimize Swath-to- 
Swath Error in an Image Processing Apparatus", Attor- 
ney Docket No. 78183 discloses how lead screw pitch 10 
selection and number of full stepper motor steps per 
swath can be coordinated so as to minimize swath-to- 
swath error for any number of channels used. 
[0039] As is illustrated in RG. 5, encoder pulses from 
an imaging drum encoder 344 are input to a program- 15 
mable frequency divider 902. A programmed divisor (n) 
is applied to divide the input encoder frequency to a 
reduced output value. Pulses output from the program- 
mable frequency divider 902 then act as clock pulses to 
drive a stepper motor controller 166 circuitry. (Stepper 20 
motor controller 166 can be a standard component, 
such as the IM 483 High-Perfbrmance Microstepping 
Controller from Intelligent Motion Systems, Inc.). A 
pulse counter 904 tracks the number of input clock 
pulses generated in this circuit. When a programmed 25 
threshold value is reached (MAXPULSES), pulse coun- 
ter 904 disables the clock pulse input to stepper motor 
controller 166 (using standard AND-gate logic control 
circuitry 906), effectively stopping stepper motor 162. 
This MAXPULSES value is reached at the end of each 30 
swath 450, so that printhead 500 stops moving while 
vacuum imaging drum 300 rotates through a "dead 
band" 2000 (where there is no imaging since there is no 
receiver media). When ready to begin the next swath 
450, drum encoder 344 sends an index pulse. This 35 
resets pulse counter 904 and enables the input clock 
pulses to stepper motor controller 166, thus restarting 
stepper motor 162 for the next swath 450. 
[0040] As the above description indicates, the control 
circuit is programmed with two values (n and MAX- 40 
PULSES) that vary depending on the number of chan- 
nels; wherein n is a truncated value equal to encoder 
resolution divided by desired microsteps per revolution 
(pulses/microsteps); and MAXPULSES equals the 
desired number of microsteps per revolution. As the 45 
table in RG. 5 indicates, a 28-channel swath requires 
an n value of 22 as input to programmable frequency 
divider 902 with a 10,000 pulse/revolution drum 
encoder. Pulse counter 904 allows 448 (MAXPULSES) 
pulses to stepper motor controller 166 before disabling so 
stepper motor controller 166 input. With a 10,000 
pulse/revolution drum encoder 344, the first 9.856 
pulses, after division by programmable frequency 
divider 902 value (here, 22), provide 448 pulses to step- 
per motor 1 62. This gives the stepper motor 448 micro- ss 
steps (which, in turn, yields 7 full steps at 64 microsteps 
per step). Stepper motor 162 rotation is then disabled 
during the remaining 144 (10,000 minus 9,856) pulses 



from drum encoder 344. (These 144 pulses occur dur- 
ing the "dead band" between swaths 450.) 
[0041] The table in FIG. 5 shows typical values for n 
and MAXPULSES given a variable number of channels. 
For each case, different values for n and MAXPULSES 
apply. It should be noted that this invention allows a dif- 
ferent number of full steps for each number of channels 
specified, where each full step comprises a number of 
microsteps (64 per step in the preferred embodiment of 
this invention). Programmed values for n and for MAX- 
PULSES, determined in advance, are stored in a pro- 
grammable memory so that these values can be 
accessed and used for a given number of channels. 
[0042] Using the method of this invention, "program- 
mable gearing", the stepper motor speed changes 
appropriately, based on the number of channels used. 
As a result, this method allows controlled stepper motor 
speed for any number of printhead channels arranged 
to print in a substantially simultaneous manner. 
[0043] The control circuitry of this invention also com- 
pensates for changes in rotational speed of vacuum 
imaging drum 300. The index pulse synchronizes the 
control circuitry for the beginning of each swath 450. 
Dynamic changes in drum speed change the rate of 
encoder pulses correspondingly, resulting in accurate 
reporting of drum rotational position. 
[0044] Although described for a preferred embodi- 
ment, it is clear that this invention could be adapted to 
other uses for coordinating motion within an image 
processing apparatus. For example, this invention could 
be implemented in an imaging device that employs a 
flat-bed or platen-based device for holding the receiver 
medium. While the preferred embodiment is clearly for 
laser thermal imaging, this invention could be applied to 
an imaging system that uses another type of imaging 
technology and allows adaptation for a variable number 
of channels (for example, resistive thermal printhead or 
Inkjet printing systems). 

Claims 

1. An apparatus for adjusting a traversal speed of a 
printhead in an imaging processing apparatus that 
comprises a rotating imaging drum which holds a 
receiver medium, the apparatus comprising: 

a stepper motor adapted to drive said print- 
head; 

a stepper motor controller which drives said 
stepper motor based on input logic signals that 
indicate rotation of said imaging drum; 
an encoder which senses rotational motion of 
said imaging drum, said encoder providing a 
high-resolution feedback signal comprising dig- 
ital pulses for small increments of rotation of 
said imaging drum and providing an index 
pulse that synchronizes each writing swath on 
said imaging drum; 
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a programmable divide-by-n frequency counter 
that provides an output pulse tor every n 
encoder pulses sensed, wherein the value of n 
is predetermined based on number of writing 
channels used; and 5 
a programmable pulse counter that is loaded 
with a preset value, and varied based on said 
number of writing channels, said pulse counter 
providing a disabling signal when said preset 
value is reached. 10 

2. An apparatus according to daim 1 , wherein said 
stepper motor runs in a microstepping mode. 

3. An apparatus according to claim 1 , further compris- is 
ing: 

logic circuitry that routes output pulses from 
said divide-by-n frequency counter to said 
stepper motor controller and disables the 20 
pulses as controlled by said pulse counter; and 
memory circuitry that provides predetermined 
frequency divider and pulse counter presets to 
at least one of said pulse counter and said 
divide-by-n frequency divider based on the 25 
number of writing channels used. 

4. An image processing apparatus according to claim 
t. wherein said preset value is reached at an end of 

a writing swath, such that said printhead stops mov- 30 
ing while said imaging drum rotates through an 
area where there is no receiver medium. 

5. A method of adjusting a traversal speed of a print- 
head in an image processing apparatus that uses a 35 
rotating imaging drum which holds a receiver 
medium and a stepper motor for providing print- 
head motion, said printhead being adapted to 
image using a variable number of channels that 
write generally simultaneously as a swath, the 40 
method comprising steps of: 

calculating a rotational speed of said imaging 
drum by sensing encoder pulses from an 
encoder operationally associated with said 45 
imaging drum; 

dividing said encoder pulses using a variable 
integral divisor that has a programmed value 
which is predetermined based on the number 
of channels used; so 
gating output pulses that result from said divid- 
ing step for controlling a stepper motor control- 
ler; and 

counting output pulses from said division up to 
a programmed maximum value, wherein said ss 
maximum value is determined by the number 
of writing channels, so as to disable the stepper 
motor controller when said programmed maxi- 



mum value is reached. 

6. A method according to claim 5, comprising the fur- 
ther step of: 

resetting said count of output pulses at a begin- 
ning of each imaging swath to re-enable the 
stepper motor controller. 

7. A method according to claim 5, wherein said pro- 
grammed maximum value is reached at an end of a 
writing swath, such that said printhead stops mov- 
ing while said imaging drum rotates through an 
area where there is no receiver medium. 

8. An apparatus for controlling a speed of a printhead 
in an : maging processing apparatus, the apparatus 
comprising: 

a stepper motor for driving said printhead along 

a surface of a rotatable imaging drum; 

an encoder which senses rotational motion of 

said imaging drum, said encoder providing a 

feedback signal comprising digital pulses for 

increments of rotation of said imaging drum; 

and 

a programmable pulse counter that is loaded 
with a preset value, said pulse counter provid- 
ing a disabling signal when said preset value is 
reached. 

9. An apparatus according to claim 8, further compris- 
ing a frequency counter that provides an output 
pulse for every encoder pulse sensed. 

10. An imaging apparatus comprising: 

a printhead; 

an encoder which senses a rotational motion of 
said imaging drum, said encoder providing a 
feedback signal comprising digital encoder 
pulses for increments of rotation of said imag- 
ing drum; and 

a programmable pulse counter that is loaded 
with a preset value, said pulse counter provid- 
ing a disabling signal when said preset value is 
reached. 
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(57) a method and apparatus are disclosed for 
scHnn.rvj * receiving medium (32) in an image process- 
ing rtppH^tus (10) that allows a variable number of im- 
aging channels and printhead motion is provided by a 
lead screw (250) that is driven by a stepper motor (162). 
In one cnrbodirront, the receiving medium can be 
mounted on a rolatable imaging drum (300). In order to 
advance a printhead (500) at the proper speed for a var- 
iable number of channels and to adapt the stepper motor 



for possible variations in drum rotation speed, encoder 
pulses from the imaging drum are divided by a pro- 
grammed value to provide input pulses to a stepper mo- 
tor controller circuitry at the proper rate. Pulses are 
counted so as to disable this input to the stepper motor 
controller after a pre-programmed maximum value is 
reached. Both the divisor value and the pulse counter 
value are variable, depending on the number of chan- 
nels used. 
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